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(54) Fuel supply system o1 Internal combustion engine 



(57) The invention relates to a fuel supply systenn 
for use in an Internal combustion engine, comprising: an 
intake passage (6); a downstream fuel injection valve 
(2) near the port of each cylinder of the engine and 
downstream of the intake passage; and a controller (1 9), 
wherein the Intake passage includes a fuel Injection/ 



evaporation device which has an upstream fuel injection 
valve; a heater for evaporating injected fuel; and an air 
passage for supplying the injected fuel with air. The con- 
troller is adapted to control the amount of fuel Injected 
form the downstream fuel injection valve and the up- 
stream fuel injection valve, thereby controlling the fuel- 
air ratio of the injected fuel. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present Invention relates to a fuel supply 
system of internal combustion engines, and more par- 
ticularly to a fuel supply system having improved ex- 
haust gas characteristics and operation performance of 
multi-cylinder combustion engines. 
[0002] This type of known fuel supply systems of com- 
bustion engines employ a heater arranged in the intake 
passage of the engine for heating and evaporating the 
fuel injected into the intake passage so as to decrease 
deposition of the injected fuel on the inner surface of the 
intake passage and the intake valve, and hence the 
amount of hydrocarbons exhausted into the exhaust 
gas, and in addition improve the combustion in a cold 
engine during a startup. As an example, US Patent No. 
5,894,832 discloses an internal combustion engine pro- 
vided with a multi-point injection (MPI) system, in which 
fuel is Injected from injection valves (referred to as port 
fuel injection valves) one for each intake port of each 
cylinder, and with an auxiliary air passage, upstream of 
intake passage, for bypassing a throttle valve. In this 
arrangement, the engine has a further fuel injection 
valve (referred to as upstream injection valve) provided 
near the suction ports and a heater in addition to the 
auxiliary air passage. The prior art engine is directed to 
prevent the fuel from deposition on the inner surface of 
the intake passage by injecting the fuel from the up- 
stream injection valve towards the heater thereby facil- 
itating evaporation of the fuel and hence preventing dep- 
osition of fuel on the inner surface of the intake passage 
during a warm run subsequent to a cold startup period. 
[0003] The above technique may advantageously im- 
prove the combustion of fuel after a startup idling be- 
cause of heater-assisted evaporation of the fuel in the 
intake passage. Hence, the technique may make the de- 
lay angle of Ignition larger as compared with other types 
of conventional internal combustion engines not 
equipped with a heater in the intake passage, and may 
reduce carbon hydrates (HC) in the exhaust gas under 
warm operational condition (after a cold startup period). 
[0004] This type of prior art engines have an addition- 
al fuel injection valve and a heater In the intake passage 
upstream of the fuel injection valve in proximity to the 
individual ports (in the intake passage or on the engine 
head) of the internal combustion engine, as mentioned 
above. It is noted, however, that on account of design 
limitations on the configuration of the suction pipe (in- 
take passage) and/or the layout of the engine room, it 
is often the case that the additional fuel injection valve 
and the heater cannot be positioned adequately to dis- 
tribute fuel evenly to each of the cylinders. 
[0005] Consequently, it is often the case that the fuel- 
air ratios cannot be the same or maintained within an 
expected range for the cylinders (i.e. the fuel-air ratios 
differ for the Individual cylinders). 



[0006] In addition, uneven fuel-air ratios among the 
cylinders can spoil the operation perfonmance of the en- 
gine. 

5 SUMMARY OF THE INVENTION 

[0007] In view of the above technical background, the 
present invention is proposed, of which objects are to 
provide a fuel injection system of internal combustion 
10 engines which can reduce fuel deposition on an intake 
passage wall of the engine, and to distribute fuel evenly 
to each of the cylinders of the engine, whereby improv- 
ing its exhaust gas characteristics and operation per- 
formance. 

15 [0008] Under the objects there is provided a fuel sup- 
ply system of an internal combustion engine, compris- 
ing: 

an intake passage; 
20 a downstream fuel injection valve locating at a 
downstream position of the intake passage near the 
Intake port of each cylinder of the engine; and/or 
a controller. 

25 wherein 

the intake passage is equipped with a fuel injec- 
tion and evaporation device which has 
an upstream fuel injection valve; 
a heater for evaporating injected fuel; and/or 
30 an air passage for supplying air to the injected fuel, 

and wherein 

the controller is adapted to control amounts of fuel 
injected from the downstream fuel injection valve and 
the upstream fuel injection valve, thereby controlling the 

35 fuel-air ratio of the injected fuel. 

[0009] Because of this arrangement, the inventive fu- 
el injection and evaporation device provided in the in- 
take passage advantageously reduces uneven distribu- 
tion of fuel to the individual cylinders due to design lim- 

40 itations on the mounting location of the evaporator and 
on the configuration of the intake passage, thereby 
maintaining the fuel-air rations for the individual cylin- 
ders within a specified range. 

[0010] More specifically, a fuel supply system of the 
45 invention comprises a controller having means for cal- 
culating the ratio of fuel amounts to be allotted between 
the upstream fuel injection valve and the downstream 
fuel injection valve (the ratio hereinafter referred to as 
fuel allotment ratio, and the means refen^ed to as fuel 
50 allotment calculation means). The fuel injection allot- 
ment calculation means is adapted to allot less fuel to 
the downstream fuel injection valve than to the upstream 
fuel injection valve. 

[001 1 ] In this arrangement, amounts of fuel can be ap- 
55 propriately allotted between the upstream fuel injection 
valve and the downstream fuel injection valve, so that 
unevenness in the fuel-air ratio among the cylinders can 
be easily reduced. In another embodiment of a fuel sup- 
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ply system of the invention, the controller has means, 
one for each cylinder, for correcting the amount of fuel 
Injected from the downstream fuel Injection valve (said 
means referred to as fuel amount correction means), 
and a storage area (fuel amount correction map) for s 
storing constant control parameters calculated by the fu- 
el amount correction means. 

[0012] The controller may utilize the constant control 
parameters stored in the storage area as described 
above to correct uneven fuel-air ratios among the cylin- 
ders. The correction can be done by calculating, in a 
predetermined task, corrective fuel amounts necessary 
to minimize the uneven fuel-air ratios based on the con- 
stant control parameters by means of the fuel amount 
correction means. 

[0013] In a further embodiment of the invention, the 
controller has corrective fuel amount calculation means, 
one for each cylinder, for calculating a corrective fuel 
amount for each cylinder based on the actual fuel-air 
ratio and a target fuel-air ratio for the cylinder. The cal- 
culated corrective fuel amounts are stored In the storage 
area. 

[0014] It Is noted that such corrective fuel amount cal- 
culation means and the fuel amount correction map to- 
gether may provide the controller with the same ability 
as the preceding controller adapted to calculate the cor- 
rective fuel amounts based on the constant control pa- 
rameters stored in the storage area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 

Fig. 1 Is a schematic diagram of an embodiment of 
a fuel supply system according to the invention. 
Fig. 2 shows a valve opening signal given to a CSD 
of a fuel supply system shown In Fig. 1 , and timing 
of fuel injection. 

Fig. 3 shows details of a CSD provided in a fuel sup- 
ply system of Fig. 1 . 

Fig. 4 is a graph showing measured temperature of 
exhaust gas when a fuel supply system has a con- 
ventional MPl system and/or a CSD. 
Fig. 5 is a graph showing the temperature of ex- 
haust gas as a function of Ignition timing. 
Fig. 6 show retardation limits of a CSD and a con- 
ventional MPl system In relation to exhaust gas 
temperature. 

Fig. 7 Is a schematic view of an Intake passage of 
a fuel supply system shown in Fig. 1 . 
Fig. 8 is another schematic view of the intake pas- 
sage of Fig. 7, as viewed from another direction. 
Fig. 9 shows results of measurement of the fuel-air 
ratios for the respective cylinders of a multi-cylinder 
engine. 

Fig. 1 0 shows a relationship between the variations 
of fuel-air ratio among multiple cylinders of an inter- 
nal combustion engine and the amount of HCs ex- 



hausted from the engine. 

Fig. 11 shows a valve opening signal for the CSD 
and timing of fuel injection and ignition for four cyl- 
inders. 

Fig. 12 illustrates measured fuel-air ratios in four 
cylinders. 

Fig. 13 Is a black diagram of a fuel supply system 
shown in Fig. 1 . 

Fig. 14 shows (an arrangement of) an exhaust sys- 
tem having an exhaust gas sensor. 
Fig. 15 shows variations in the fuel-air ratio for the 
respective cylinders. 

Fig. 16 is a block diagram of another embodiment 
of a fuel supply system shown in Fig. 1 . 
Fig. 17 shows a block diagram of fuel allotment 
means of a CSD and an MPl system of the fuel sup- 
ply system shown In Fig. 1 . 

Fig. 18 shows the result of an emission test for an 
inventive fuel supply system (CSD and MPl sys- 
tem), a fuel supply system having only a CSD, and 
a fuel supply system having only an MPl system. 

DESCRIPTION OF THE EMBODIMENTS 

[0016] The Invention will be now described in detail 
by way of example with reference to the accompanying, 
drawings. 

[0017] Referring to Fig. 1 , there is shown an embod- 
iment of a fuel supply system in accordance with the In- 
vention for an Internal combustion engine. A multi-cyl- 
inder Internal combustion engine 50 has a multiplicity of 
cylinders 1 each connected to an intake passage 6 via 
a collector 22. Provided in the Intake passage 6 are an 
intake air flow sensor 7 and a throttle valve 8. Mounted 
at the entrance of an intake port 25 of each cylinder 1 
are a port fuel Injection valve 2 (hereinafter referred to 
as downstream fuel injection valve) and an intake valve 
24. These elements together constitute an MPl serving 
as an intake section of the multi-cylinder internal com- 
bustion engine 50. In order to facilitate atomization of 
fuel, there is provided an air-assisted type ultra-atomiz- 
ing injection valve 3 (hereinafter referred to as upstream 
fuel injection valve) and air passage 11 for intaking air 
from an upstream section of the intake passage 6 and 
supplies the air to the upstream fuel injection valve 3, 
by-passing the throttle valve 8. 

[0018] Inside the Intake passage 6. and downstream 
of the upstream fuel injection valve 3, Is a heater 4 such 
as a PTC heater, maintained at a constant temperature. 
The heater 4 Is supplied with a heater current by a bat- 
tery 12 via a heater relay 13. The heater current is de- 
tected by measuring the voltage across the heater 4 by 
a current detection resistor 23. 

[0019] An auxiliary intake passage 9 having an idle 
speed control (ISC) valve 10 is provided to by-pass the 
throttle valve 8. The Idle spin control valve 10 regulates 
the flow of air (auxiliary air) passing through It. The aux- 
iliary Intake passage 9 is configured to direct the auxll- 
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iary air to the heater 4. 

[0020] An ignition plug 1 6 is nnounted on the head sec- 
tion of the cylinder 1 , and is connected with an ignition 
coil 17 and a power switch 18. The internal combustion 
engine 50 is provided with a crank angle sensor 14 for 
detecting the rotational speed of the engine, and a cool- 
ing water temperature sensor 15. The outputs of the 
sensors 14 and 15 are fed to a control unit (controller) 
19, which controls the downstream fuel injection valve 
2, the upstream fuel injection valve 3, the heater 4, the 
heater relay 13, the ISC valve 10, and the power switch 
18. 

[0021 ] Referring to Fig, 2, a method of controlling the 
heater 4 will be now described. 

[0022] The heater 4 is heated when the internal com- 
bustion engine 50 undergoes self-sustaining rotation 
(complete combustion at point "a") subsequent to crank- 
ing by a starter (not shown), and remain heated for a 
predetermined period ("a" to "b"). While the starter is in 
operation, fuel injection is effected only by the down- 
stream fuel injection valve 2. In this way, timed opera- 
tions of the starter and the heater 4 during a start up do 
not overlap, thereby avoiding cripple starter operation 
that might be othenwise caused by the overlapping. 
Hence, deterioration of the battery and the power cable 
due to an excessive current through it will be prevented 
even if the battery and the power cables have little mar- 
ginal capacities, and hence the loss of reliability of the 
starter system can be avoided. 

[0023] Referring now to Fig. 3, a fuel injection and 
evaporation device (hereinafter referred to as CSD 
(Cold Start Device)) embodying the invention will be 
now described. The CSD comprises an ISC valve 10, 
an upstream fuel injection valve 3, a heater 4, and an 
Intake passage 9 for supplying the air to the injected fuel 
so as to atomize and revolve the injected fuel and direct 
it to the heater 4. As a result, the fuel abuts on the heater 
4 and gets evaporated before it Is fed to the cylinder 1 . 
[0024] it has been known that injected atomized fuel 
having particle sizes of the order of 10 microns will be 
passed directly to the cylinder 1 without sticking to the 
intake passage 6. Thus, in the invention, the fuel is at- 
omized to particles of the order of 1 0 microns while it is 
injected from the upstream fuel injection valve 3. The 
fuel thus atomized while passing through the upstream 
fuel injection valve 3 actually contains particles of differ- 
ent particle sizes. In fact some particles have fairly large 
sizes. Of the particles, those having smaller sizes can 
be transported by the air down to the cylinder 1 . On the 
other hand, those having large particle sizes will come 
to contact with the heater, and get evaporated before 
they are lead into the cylinder 1 . 
[0025] Fig. 4 shows measured temperature of a cat- 
alyzer immediately after a startup of an internal combus- 
tion engine equipped with only a conventional MPI sys- 
tem, and an internal combustion engine equipped with 
the inventive CSD. As seen in Fig. 4, the internal com- 
bustion engine equipped with the CSD system of the in- 



vention has faster temperature rise than the convention- 
al engine by AT seconds. It would be understood from 
this result that the catalyzer is more effective in the CSD 
than in the conventional MPI system in reducing HC 

5 content in the exhaust gas. 

[0026] This is due to the fact that the exhaust gas 
burns as it Is expelled towards the catalyzer, thereby in- 
ducing after-burning in the exhaust gas, when ignition 
is retarded or delayed for some angle as shown in Fig. 

10 5, Retardation of ignition time cannot be made large un- 
less the air-fuel mixture has a favorable property. The 
CSD system can supply the engine with well evaporated 
fuel, so that a large retardation of ignition time is permit- 
ted. 

IS [0027] Fig. 6 compares the retardation limits of igni- 
tion time and the exhaust gas temperatures for a con- 
ventional MPI and an inventive CSD system. Ignition 
time can be retarded further in the CSD system than in 
the conventional MPI by 1 0-1 5 degrees, so that the tem- 

20 perature of the exhaust gas can be raised by 150 - 
200°C. 

[0028] Mounting of a CSD system of the invention and 
accompanying problems will be now described below. 
Fig. 7 schematically shows arrangement of an intake 

25 system having a CSD unit 20. The CSD unit 20, com- 
prising an upstream fuel injection valve 3 and a heater 
4, is mounted on a collector (which is a collection of 
tubes) 22, as shown in Fig. 7. Mounted at the down- 
stream end of each intake passage 6 is the downstream 

30 fuel injection valve 2 for the conresponding cylinder, as 
shown in Fig. 7. Adjacent to the collector 22 is a throttle 
body which has a throttle valve 8 for controlling the 
amount of intake air to the internal combustion engine 
50. Atomized fuel is sprayed from the CSD 20, in the 

35 form of a mist 21 as shown in Fig. 7. 

[0029] Fig. 8 shows a top view of the intake system of 
Fig. 7. It is noted that intake passages 6a, 6b, 6c, and 
6d extend from the collector 22 to the respective cylin- 
ders 1 . The CSD system 20 can be conveniently mount- 

40 ed on either one of the intake passages 6, collector 22, 
and the engine room, depending on the configuration 
and/or the layout of these components. If the intake pas- 
sages 6 have proper configurations, fuel injected from 
the CSD system 20 will be supplied evenly to each of 

45 the cylinders of the internal combustion engine 50. How- 
ever, if the intake passages have improper configura- 
tions, the fuel will stick to the insides of the intake pas- 
sages 6, and run down on the wall of the intake passag- 
es without being distributed evenly to the cylinders. 

50 [0030] Fig. 9 shows measured fuel-air ratios of the cyl- 
inders of an engine equipped with a CSD systems 20 
and mounted on a testing car. In the example shown 
herein the difference in the fuel-air ratio, AA/F. between 
the most dense air-fuet mixture and the thinnest air-fuel 

55 fuel mixture is 1 .5. A desirable limit of variations in the 
fuel-air ratio, AA/F, is 0.5, as shown in Fig. 1 0. Therefore, 
the variations, AA/F, of the fuel-air ratio of the above in- 
ternal combustion engine should be reduced to 0.5. 
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Thus, In an attempt to absorb the variations in the fuel- 
air ratio (A/F) annong the cyiinders, ordinary fuel injec- 
tion from the downstream injection valve 2 is performed 
while the CSD 20 is in operation. 

[0031] Fig. 1 1 illustrates timing of the fuel injections to 5 
the respective cylinders in reference to the valve open- 
ing signal given in the CSD 20. In the example shown 
herein, the internal combustion engine 50 is assumed 
to have four cylinders. From the upstream fuel injection 
valve 3 built in the CSD 20, fuel is injected once for every 
rotation. However, it could be understood that the fre- 
quency of fuel injection may be once for every two rota- 
tions of the engine if the CSD 20 is so designed, con- 
sidering limitations on the mounting location of the CSD 
20 and/or the configurations of the intake passages 6. 
Conversely, the injection frequency may be increased 
to 2 cycles per revolution to reduce fuel deposition on 
the inner surface of the Intake passage 6 in case the 
CSD 20 cannot be mounted at an optimum position. 
[0032] The downstream injection valves 2 mounted at 
the lower ends of the intake passages 6 undergo so- 
called sequential injections, or ordinary timed injections. 
Incidentally, fuel injection may be either simultaneous 
injection or grouped injection for grouped cylinders, so 
long as the fuel supply system is provided with means 
for adjusting the amount of fuel to each of the cylinders. 
Once the hardware design of the fuel supply system is 
determined, i.e. the location of the CSD 20 and the con- 
figurations of the intake passages 6 are detemnined, the 
fuel-air ratio (A/F) for each cylinder may be determined, 
as shown in Fig. 9. 

[0033] Now, it is possible to correct or compensate the 
shaded portion the fuel-air ratio shown in Fig. 12 for 
each cylinder by means of the downstream injection 
valve 2 to suppress AA/F within 0.5. 
[0034] Fig. 13 is a block diagram showing a control 
system governing the entire fuel supply system of the 
invention. The control unit 19 includes a conventional 
control system 1 9a, shown with broken outline, and an 
additional inventive control elements depicted outside 
the broken outline. 

[0035] A general control means 19b calculates the 
amounts of fuel to be injected from downstream fuel in- 
jection valves 2 to the respective cylinders based on var- 
ious detection signals indicative of, for example, engine 
speed and the amount of air taken in. The CSD control 
means 1 9c calculates the amounts of air and the fuel to 
be injected by the CSD 20 and feeds the calculated data 
(correction data) to a CSD drive means 19d. The CSD 
drive means 1 9d calculates the magnitude of a change 
that must be made for the CSD 20 and drives the CSD 
for that amount. 

[0036] The calculated values to absorb the variations 
in the fuel-air ratio for the respective cylinders are stored 
in advance In the fuel amount correction map 19e. The 
amounts of fuel for the respective cylinder are corrected 
by fuel amount correction means 1 9f during its task. Sig- 
nals instructing the correction are fed by the fuel amount 



correction means 1 9f to the general control means (and 
driving means) 19b, thereby correcting the amounts of 
fuel injected into the respective cylinders. 
[0037] Thus, it would be apparent to a person of skill 
in the art that, once the configurations of the CSD 20 
and the intake passages 6 are determined, air flow pat- 
ters in the CSD 20 and intake passages 6 are deter- 
mined, from which the fuel-air ratios are determined for 
the respective cylinders, and therefore that the varia- 
tions in the fuel-air ratio for the multiple cylinders may 
be minimized by properly correcting the fuel-air ratios 
based on predetermined fuel amount correction param- 
eters for the respective cylinders. 
[0038] Fig. 14 shows an example of exhaust system 
for use in the internal combustion engine 50. Fuel-air 
ratios for the respective cylinders may be detected by 
means of an exhaust gas sensor 61 provided in the ex- 
haust pipe 60, by allowing only the CSD 20 to operate. 
Fig. 1 5 shows a result of such measurement of the fuel- 
gas ratios by the exhaust gas sensor 61 . From such 
measurements for the cylinders, differences between 
the detected fuel-air ratios and the corresponding target 
fuel-air ratio, or equivalently the ratio between them, 
may be obtained, from which required air-fuel correc- 
tions may be calculated and stored in a predetermined 
storage area. Thus, air-fuel corrections similar to the 
preceding example may be attained. 
[0039] Fig. 1 6 is a block diagram of an entire embod- 
iment of another fuel supply system according to the in- 
vention. In comparison to the foregoing embodiment, 
this embodiment further Includes means 1 9g for calcu- 
lating the amounts of fuel to be corrected for the respec- 
tive cylinders. Fuel amount calculation means 19g cal- 
culates the difference Refaf, or an alternative ratio, be- 
tween the detected air-fuel ratio and the target ratio for 
each of the cylinders. The result of the calculation is 
stored in the fuel amount correction map 19e. 
[0040] Fig. 17 shows the operation for allotting fuel 
between the CSD 20 and the downstream fuel injection 
valve 2 of each cylinder. The amounts of fuel Qf to be 
supplied to each cylinder is determined by the amount 
of intake air Qa, engine speed Ne, and various correc- 
tion coefficients. An allotment factor K represents a ratio 
of allotted fuel amounts between the CSD 20 and the 
downstream fuel injection valve 2 and is determined 
based on the fuel-air ratio test periomied for each of the 
cylinders as described above. The factor K depends on 
the deviation of the fuel-air ratio from the target value. 
That is, the factor K for a given cylinder is determined 
by the ratio of the shaded area to the white area of the 
bar for the cylinder shown in Fig. 12. 
[0041 ] Fig. 1 8 shows the result of emission tests per- 
formed in the exhaust gas measurement of mode LA4 
in accord with U.S. Government regulations. Assuming 
that the CSD system is installed at an optimum position 
of an engine, the CSD system can reduce NMHC vatue 
as much as 49% as compared with conventional MPI 
systems by optimizing the configurations of the Intake 
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said controller is adapted to control amounts 
of fuel injected from said downstream fuel injection 
valve and said upstream fuel injection valve, there- 
by controlling the fuel-air ratio of the injected fuel. 

5 

2. A fuel supply system according to claim 1 , wherein 
said controller has a fuel allotment calculation 
means (1 9c) for calculating a fuel allotment ratio for 
allotting fuel between said upstream fuel injection 
10 valve and said downstream fuel injection valve. 



passages and modifying the engine layout appropriate- 
ly. It has been confirmed in the experiments performed 
by the inventors that, the CSD system coupled with an 
MPI system as in the present embodiment can reduce 
NMHC value by about 45% as compared with conven- 
tional MPI system without changing the arrangement of 
the intake passages and the engine layout, if the A/F 
ratio varies from one cylinder to another. This arrange- 
ment is less effective only slightly than the preceding 
embodiment where CSD is not coupled with an MPI sys- 
tem. 

[0042] Although the invention has been described 
with particular reference to certain preferred embodi- 
ments thereof, variations and modifications of the 
present invention can be effected within the scope of the 
invention. 

[0043] As described above, a fuel supply system of 
the invention for an internal combustion engine compris- 
es a downstream Injection valve located at each suction 
port; a fuel injection and evaporation device having an 
upstream fuel injection valve, located at a position up- 
stream of the downstream fuel injection valve, and a 
heater; wherein the fuel supply system is adapted to ad- 
just fuel-air ratios to the respective cylinders by control- 
ling the amount of fuel injected from the downstream in- 
jection valve and upstream injection valve, whereby the 
fuel injection and evaporation device mounted in the In- 
tal<e passage is capable of regulating the fuel-air ratios 
for the respective cylinders, should the fuel injection and 
evaporation device fail to supply fuel evenly to the cyl- 
inders due to design limitations on the mounting position 
and/or configuration of the fuel injection/evaporation 
unit. 

[0044] Thus, according to the Invention, it Is possible 
to extend mounting freedom for the fuel injection and 
evaporation device, and to improve exhaust gas char- 
acteristics and operation performance of the engine. 



Claims 

1 . A fuel supply system for use in an internal combus- 
tion engine, comprising: 



3. A fuel supply system according to claim 2, wherein 
said fuel allotment calculation means allots a less 
amount to said downstream fuel injection valve than 

IS to said upstream fuel injection valve. 

4. A fuel supply system according to any one of claims 
1 to 3, wherein said controller comprises a fuel 
amount correction means (1 9f) for correcting the fu- 

20 el amount at each cylinder, said fuel amount correc- 
tion means correcting the amount of fuel injected 
from said downstream fuel injection valve. 

5. A fuel supply system according to claim 4, wherein 
25 said controller further comprises a storage area for 

storing constant control parameters for correcting 
the amount of fuel injected from said downstream 
fuel injection valve. 



30 6. A fuel supply system according to claim 5. wherein 
said controller comprises a corrective fuel amount 
calculation means for correcting the fuel amount at 
each cylinder, said corrective fuel amount calcula- 
tion means calculating a corrective fuel amount for 

35 each cylinder based on the actual fuel-air ratio and 
a target fuel-air ratio for the cylinder, wherein said 
storage area is adapted to store said calculated cor- 
rective fuel amount. 

40 



an intake passage (6); 

a downstream fuel injection valve (2) locating 
at a downstream position of said intake pas- 
sage near the intake port of each cylinder of 
said engine; and 
a controller (19), 

wherein 

said intake passage is equipped with a fuel 
injection and evaporation device (20) which has 

an upstream fuel injection valve (3); 

a heater for evaporating injected fuel (4); and 

an air passage for supplying said injected fuel 
with air, and 
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